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Abstract
Introduction. This study aimed to estimate the incidence of SARS-CoV-2 infection 
among pregnant women during the first pandemic wave in Italy, and to describe CO-
VID-19 disease characteristics and maternal and perinatal outcomes.
Materials and methods. National population-based prospective cohort study collect-
ing information on women with SARS-CoV-2 diagnosis, confirmed within 7 days from 
hospital admission.
Results. The national SARS-CoV-2 rate was 6.04 per 1,000 births (95% CI 5.62-6.49) 
among pregnant women and 7.54 (95% CI 7.47-7.61) among women in reproductive age. 
72.1% of the cohort developed mild COVID-19 disease without pneumonia nor need for 
ventilatory support. Severe disease was significantly associated with women’s previous 
comorbidities (OR 2.55; 95% CI 0.98-6.90), obesity (OR 4.76; 95% CI 1.79-12.66) and 
citizenship from High Migration Pressure Countries (OR 3.43; 95% CI 1.27-9.25).
Conclusions. During the first pandemic wave in Italy, the SARS-CoV-2 rate among 
pregnant women was lower compared to that detected among women of reproductive 
age, and risks of severe COVID-19 disease and adverse maternal and perinatal outcomes 
were rare.

INTRODUCTION
At the beginning of the Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2) pandemic, it 
was feared that the virus could cause the same dramatic 
maternal and perinatal outcomes observed during the 
outbreak of other respiratory viruses, such as SARS-
CoV-1, Middle East Respiratory Syndrome (MERS) 
and H1N1 flu [1].

Research capable of gathering sound information in 
support of public health recommendations and clinical 
practice was therefore urgently needed. Several publica-
tions of single case reports and case series [2] were me-
ta-analysed in a living systematic review by WHO [3]. 
International multicentre registries [4-6] recruiting from 
many different countries, have been established, with 
frequent data overlapping influencing the quality of suc-
cessive systematic reviews [7-11]. Because of the lack of 
population-based studies, the proportion of ascertained 

cases were unclear due to unknown underlying denomi-
nators. Therefore, interpreting the findings from these 
studies in order to give a confident estimate of the true 
rate of complications for women infected during preg-
nancy and for their newborns was challenging. 

Few countries, participating in the International Net-
work of Obstetric Survey System (INOSS) [12] includ-
ing Italy with the Italian Obstetric Surveillance System 
(ItOSS), launched prospective population-based co-
hort studies able to reliably estimate the prevalence 
of SARS-CoV-2 infection, investigate COVID-19 dis-
ease characteristics and describe adverse maternal and 
perinatal outcomes. Preliminary results published by 
the UK Obstetric Surveillance System (UKOSS) [13], 
ItOSS [14-16] and Nordic Obstetric Surveillance Sys-
tem (NOSS) – that includes Sweden, Denmark, Fin-
land and Norway – [17], showed an absolute low risk 
of severe COVID-19 disease and rare adverse maternal 
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and perinatal outcomes during the first pandemic wave.
The aim of this paper, which is an extension of a pre-

vious published series [14], was to estimate the inci-
dence rate of SARS-CoV-2 infection among pregnant 
women during the first pandemic wave in Italy, and to 
describe COVID-19 disease characteristics and mater-
nal and perinatal outcomes. 

MATERIALS AND METHODS
This national population-based prospective cohort 

study collected information on women with confirmed 
SARS-CoV-2 infection admitted to any Italian hospital 
during pregnancy and within 42 days from its outcome. 

Trained reference clinicians in each of the 315 partici-
pating maternity hospitals (Appendix 1) entered the re-
quested information in a web-based secure system. The 
online form investigating women’s socio-demographic 
characteristics, medical and obstetric history, disease 
management, mode of delivery and maternal and peri-
natal outcomes was revised and pre-tested by a multi-
disciplinary group of experts. Complete data reporting 
was ensured by weekly email reminders and phone con-
tacts with the reference clinicians.

Confirmed SARS-CoV-2 infection was defined as the 
detection of viral RNA on reverse transcriptase-poly-
merase chain reaction (RT-PCR) testing of nasopharyn-
geal swab and/or blood and/or the radiological diagno-
sis of COVID-19 pneumonia. Neonatal SARS-CoV-2 
infection was defined as the detection of viral RNA on 
RT-PCR testing of a nasopharyngeal swab. 

In Italy, until the end of March 2020 only symptom-
atic pregnant women and those defined as close con-
tacts of a SARS-CoV-2 infected person were tested. 
In April, the Regions progressively adopted universal 
screening policies, and from May all pregnant women 
admitted to hospital were tested, regardless of symp-
toms or exposure.

The present analysis refers to the first pandemic wave, 
defined as the period between February 25 and August 
31, 2020 and includes hospitalized pregnant women 
with SARS-CoV-2 diagnosis confirmed within 7 days 
from hospital admission. 

ETHICS AND CONSENT
The Ethics Committee of the Istituto Superiore 

di Sanità (Italian National Institute of Health) ap-
proved the project (Prot. 0010482 CE 01.00, Rome 
24/03/2020). The study protocol is available at https://
www.epicentro.iss.it/en/coronavirus/sars-cov-2-preg-
nancy-childbirth-breastfeeding-prospective-study-itoss 
(Italian).

An informed consent to participate in the study was 
acquired from any woman at study enrolment.

OUTCOMES
The main outcome measures included in the study 

are: COVID-19 pneumonia confirmed by chest imag-
ing, mechanical ventilatory support (non-invasive me-
chanical ventilation, orotracheal intubation, extracor-
poreal membrane oxygenation – ECMO), intensive 
care unit (ICU) admission. COVID-19 disease severity 
was defined as follows:

a. mild disease: absence of COVID-19 pneumonia;
b. moderate disease: confirmed COVID-19 pneumonia 

requiring at most oxygen therapy;
c. severe disease: confirmed COVID-19 pneumonia re-

quiring mechanical ventilatory support and/or ICU 
admission.
Secondary outcomes include: maternal mortality 

(maternal death during pregnancy or within 42 days 
from any pregnancy outcome), maternal severe morbid-
ity, preterm birth (22-31 and 32-36 gestational weeks), 
mode of delivery (vaginal, elective caesarean section 
(CS), urgent/emergency CS due to COVID-19, urgent/
emergency CS due to maternal/foetal indications), still-
birth (intrauterine foetal death ≥22 completed weeks of 
gestation), low birth weight (<2,500g), neonatal inten-
sive care unit (NICU) admission, neonatal mortality 
(death of a live-born infant <7 days of life) and neonatal 
severe morbidity.

COVARIATES
Covariates include the following socio-demographic 

and medical characteristics: women’s age (<30, 30-34, 
≥35 years), citizenship (Italian, High Migration Pressure 
Countries − HMPCs, not HMPCs) [18], educational 
level (low: primary school or lower; medium: high school; 
high: bachelor’s degree or higher), previous comorbidi-
ties (at least one of the following: diabetes, asthma re-
quiring medical treatment, hypertension, cardiovascular 
diseases, lung diseases, HIV/AIDS, other morbidities), 
obesity (body mass index [BMI]>30 kg/m2). 

STATISTICAL ANALYSIS
Statistical analyses were performed using the Statis-

tical Package STATA/MP version 14.2. Frequency dis-
tributions, prevalence and odds ratios (ORs) with their 
95% confidence intervals (CI) were used to describe 
data. Missing data were excluded when their propor-
tion was lower than 5%, otherwise included as a modal-
ity in the frequency distributions.

The national SARS-CoV-2 incidence rate with 95% 
CI was estimated among pregnant women. All the hos-
pitalized and outpatient women, with ongoing preg-
nancy or who gave birth during the study period, ir-
respective of time of diagnosis, were included in the 
numerator. Latest available (2019) data on deliveries 
from the national Birth Registry were used as denomi-
nator [19], applying a 3.6% reduction in accordance 
with the Italian National Statistics Institute (ISTAT) 
estimate for births variation between 2019 and 2020 
[20]. Deliveries were weighted with an estimate of the 
time of exposure to the risk of infection during preg-
nancy. The incidence rate among pregnant women has 
been compared with the rate among the background 
population of women of reproductive age (15-49 
years), calculated considering the SARS-CoV-2 posi-
tive cases notified to the national surveillance system 
during the exact study period. [21]. 

Percentage distributions of socio-demographic, med-
ical and obstetric characteristics stratified by severity of 
COVID-19 disease were calculated. 

The association between infection severity and poten-
tial risk factors (woman’s age, citizenship, educational 



Serena Donati, Edoardo Corsi, Alice Maraschini et al.

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

274

level, presence/absence of previous comorbidities, and 
presence/absence of obesity) was assessed by estimat-
ing mutually adjusted ORs and their 95% CI, through 
a multinomial logistic regression model. Plausible inter-
actions (corresponding to all pairwise interactions be-
tween the variables included in the model) were tested 
using the Likelihood Ratio Test (p<0.05). The model 
was performed on complete cases defined as cases with-
out missing data for any variable of interest (see Appen-
dix 2 for details about handling of missing data).

Prevalence of mode of delivery and maternal and neo-
natal outcomes were stratified by infection severity. CS, 
preterm birth, and neonatal birthweight were compared 
with data retrieved from the 2019 national Birth Reg-
ister, and unadjusted risk ratios (RRs) were estimated.

In this observational study, no formal power calcula-
tion was performed because the sample size was gov-
erned by the disease incidence.

RESULTS
From February 25 to August 31, 2020, the trained cli-

nicians of the 315 Italian participating maternity units 
(Appendix 1) notified 786 women with current or previ-
ous confirmed SARS-CoV-2 infection during pregnancy 
and up to 42 days after childbirth (Figure 1). Most of the 
cases (84.6%) occurred in northern Italy, 10.3% in the 
Centre and 5.1% in the South. As described in Figure 1, 
this study includes 548 women with ongoing pregnancy 
or who gave birth, admitted to hospital with a positive 
SARS-CoV-2 test within 7 days from admission.

The national SARS-CoV-2 incidence rate among 
pregnant women was 6.04 per 1,000 births (95% CI 
5.62-6.49), slightly lower than the rate of 7.54 per 
1,000 women (95% CI 7.47-7.61) estimated among the 
background population of Italian women of reproduc-

tive age. The incidence rate among pregnant women 
ranged between 11.15/1,000 (95% CI 10.31-12.07) in 
the North, 3.25/1,000 (95% CI 2.59-4.08) in the Cen-
tre, and 0.87/1,000 (95% CI 0.63-1.20) in the South of 
the country. The corresponding figures among women 
of reproductive age were respectively 12.52/1,000 (95% 
CI 12.39-12.65), 5.19/1,000 (95% CI 5.07-5.32) and 
2.50/1,000 (95% CI 2.43-2.57). 

Table 1 describes women’s socio-demographic, medi-
cal and obstetric characteristics, stratified by COV-
ID-19 disease severity. The vast majority of the cohort 
(72.1%; n = 395) developed a mild disease, 22.4% (n = 
123) a moderate and 5.5% (n = 30) a severe disease. 
Women’s mean age was 31.9 years (SD = 5.54); the per-
centage of women with foreign citizenship was 28.6%, 
ranging from 26.1% in the mild disease group to 46.7% 
in the severe group. Pre-existing comorbidities and 
obesity concerned respectively 17.8% and 12.1% of the 
entire cohort and 34.5% and 44.8% of the women with 
severe disease. Information on educational level was 
missing for 28.5% of the cases. 

At first positive SARS-CoV-2 test, 85.8% of the wom-
en were at ≥28 weeks of gestation, 11.8% between 15 
and 27 weeks, and 2.4% ≤14 weeks. The vast majority 
(95.2%) has been diagnosed through a RT-PCR of naso-
pharyngeal swab specimen, 2.4% respectively through 
chest imaging and through blood antibodies detection 
(data not shown). Overall, during the hospital stay, 
22.6% (n = 124) of women was with ongoing pregnancy 
and 77.4% (n = 424) gave birth (Table 1). Women with 
ongoing pregnancy were admitted to hospital mostly for 
COVID-19 disease (75.0%) while other obstetric rea-
sons or delivery were the main causes for hospitaliza-
tion of those who gave birth (85.8%) (Table 1S, available 
online as Supplementary material).

SARS-CoV-2 positive pregnant
women (n = 786)

Ongoing pregnancy
(n = 198) and women

who gave birth (n = 528)

- Miscarriage (n = 18)
- Termination of pregnancy (n = 23)

- Post-partum (n = 19)

Hospitalized women with 
ongoing pregnancy (n = 133) 
and women who gave birth 

(n = 528)

Outpatient (n = 65)

Pregnant women with 
a positive test within 7 days 

from hospital admission
(n = 548)

Positive test 7 days before
hospital admission (n = 113)

Ongoing pregnancy
(n = 124)

Women who gave
birth (n = 424)

Cases excluded from 
present analysis:

Figure 1
Women enrolled in the ItOSS cohort from February 25 to August 31, 2020.
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Figure 2 describes the weekly trend of the number of 
positive pregnant women enrolled during the study pe-
riod, stratified by COVID-19 disease severity. The major-
ity of cases (61.3%), including all severe and most mod-
erate cases, occurred between March and April 2020.

At time of diagnosis, 45.5% of the women was asymp-
tomatic with an increasing trend ranging from 10.8% in 
March to 74.2% in July - August 2020 (Figure 3). Fever 
(36.3%), cough (33.7%) and tiredness (21.0%) were the 
most frequently reported symptoms. Dyspnoea was re-

ported by 14.7% of the women, 5.4% among those with 
mild disease and 76.7% among those with severe CO-
VID-19 disease (Table 2S, available online as Supple-
mentary material). 

Table 2 shows the ORs of developing moderate and 
severe disease vs mild disease, mutually adjusted for 
women’s age, citizenship, educational level, previous 
comorbidities and obesity. Women with at least one 
previous comorbidity were more likely to develop a 
moderate (OR = 1.87; 95% CI 1.03-3.41) and a severe 

Table 1
Women’s characteristics by COVID-19 disease severity

 Milda 

(n = 395)
Moderateb 

(n = 123)
Severec 

(n = 30)
Total 

(N = 548)

n % n % n % N %

Age, years (7 missing)

<30 126 32.5 41 33.3 9 30.0 176 32.5

30-34 140 36.1 37 30.1 10 33.3 187 34.6

≥35 122 31.4 45 36.6 11 36.7 178 32.9

Citizenship

Italian 292 73.9 83 67.5 16 53.3 391 71.4

HMPCs 101 25.6 40 32.5 14 46.7 155 28.3

Not HMPCs 2 0.5 0 0.0 0 0.0 2 0.4

Country of birth

Italy and western Europe 262 66.3 75 61.0 12 40.0 349 63.7

East Europe 27 6.8 9 7.3 3 10.0 39 7.1

Africa 46 11.6 15 12.2 9 30.0 70 12.8

South/Central America 29 7.3 13 10.6 4 13.3 46 8.4

Asia 31 7.8 11 8.9 2 6.7 44 8.0

Level of education*

Low 78 19.7 20 16.3 8 26.7 106 19.3

Medium 121 30.6 42 34.1 10 33.3 173 31.6

High 81 20.5 28 22.8 4 13.3 113 20.6

Missing 115 29.1 33 26.8 8 26.7 156 28.5

Previous comorbidities (10 missing) 56 14.5 30 24.6 10 34.5 96 17.8

Pre-gestational diabetes 4 1.0 2 1.6 3 10.3 9 1.7

Autoimmune diseases 7 1.8 5 4.1 0 0.0 12 2.2

Chronic hypertension 3 0.8 3 2.5 5 17.2 11 2.0

BMI >30 kg/m2 (10 missing) 36 9.3 16 13.1 13 44.8 65 12.1

Multiparous (2 missing) 215 54.6 79 64.2 16 55.2 310 56.8

Multiple pregnancy (1 missing) 8 2.0 3 2.4 1 3.3 12 2.2

Gestational age at diagnosis, weeks (14 missing)

≤14 8 2.1 4 3.4 1 3.3 13 2.4

15-27 25 6.5 27 23.1 11 36.7 63 11.8

≥28 354 91.5 86 73.5 18 60.0 458 85.8

Ongoing pregnancy 57 14.4 56 45.5 11 36.7 124 22.6

aAbsence of COVID-19 pneumonia.
bConfirmed COVID-19 pneumonia requiring at most oxygen therapy.
cConfirmed COVID-19 pneumonia requiring mechanical ventilatory support and/or ICU admission.
HMPCs: high migration pressure countries.
*Low: primary school or lower; medium: high school; high: bachelor’s degree or higher.
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(OR = 2.55; 95% CI 0.98-6.90) COVID-19 disease. 
The occurrence of severe illness was significantly higher 
among obese women (OR = 4.76; 95% CI 1.79-12.66) 
and those with citizenship from HMPCs (OR = 3.43; 
95% CI 1.27-9.25). No statistically significant asso-
ciation was found with educational level. None of the 
tested plausible interactions was statistically significant.

Table 3 describes women’s and perinatal outcomes 
stratified by disease severity. Overall, 29 women (5.3%) 
received non-invasive ventilatory support, six (1.1%) 
underwent orotracheal intubation and two (0.4%) re-
ceived ECMO. Eighteen women (3.3%) were admitted 

to ICU and 23 (4.2%) developed severe morbidity. No 
maternal deaths occurred.

Overall, ten of the 438 livebirths (2.3%) developed 
severe morbidity and 63 (14.7%) were admitted to 
NICU (Table 3). The percentage of neonates with a 
birthweight <2,500 grams was 13.6%, higher than the 
7.1% national proportion in 2019 [19] (RR = 1.91; 95% 
CI 1.50-2.43). As shown in Table 3 neonatal morbidity, 
access to NICU and low birthweight were more com-
mon among mothers with more severe conditions. Four 
stillbirths (0.9% of total births) were recorded and no 
neonatal deaths occurred. Overall, 4% of the livebirths 
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Figure 2
Weekly trend of the number of enrolled women by COVID-19 disease severity, between February 25 and August 31, 2020 (n = 548).
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Figure 3
Temporal trend of proportions of women with COVID-19 pneumonia and asymptomatic women.
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had a positive SARS-CoV-2 test, 10 within and 7 after 
24 hours from birth. Among positive babies, eight were 
delivered vaginally and nine by CS.

Table 4 shows mode of delivery and gestational age at 
birth among the 424 SARS-CoV-2 positive women who 
gave birth. The CS rate was 33.6%, close to the nation-
al figure of 31.8% recorded in 2019 [19] (RR = 1.06; 
95% CI 0.93-1.21). Urgent and emergency CS were 
significantly more frequent among mothers with severe 
COVID-19 disease. CS was performed under general 
anaesthesia in 7.3% of the cases and in 31.3% of the 
women with severe COVID-19 illness. The proportion 
of preterm delivery (13.7%) was higher compared to the 
6.7% national average [19] (RR = 2.05; 95% CI 1.60-
2.61), especially among mothers with severe disease 
(63.2%). Iatrogenic indications – defined as elective CS 
or induction of labour – were responsible for 22.6% of 
the recorded preterm births. 

DISCUSSION
Principal findings

The national incidence rate of SARS-CoV-2 infection 
in pregnancy during the first pandemic wave in Italy 
(6.04 per 1,000 births; 95% CI 5.62-6.49) was lower 
compared to the rate estimated among the background 
population of women of reproductive age [21] (7.54 per 
1,000 women; 95% CI 7.47-7.61).

The vast majority of SARS-CoV-2 positive pregnant 

women (72.1%) developed a mild disease without CO-
VID-19 pneumonia and no need for ventilatory sup-
port, 22.4% a moderate illness with confirmed pneumo-
nia not requiring any mechanical ventilatory support (at 
most oxygen therapy), and only 5.5% a severe disease 
requiring mechanical ventilatory support and/or ICU 
admission. Previous comorbidities, obesity and foreign 
citizenship from HMPCs were significantly associated 
to a higher occurrence of severe disease. Overall, the 
enrolled pregnant women had an absolute low risk of 
severe maternal (4.2%) and perinatal (2.3%) morbidity.

Strengths and weakness of the study
A strength of the present study is the nationwide 

prospective population-based cohort design. The offer 
of routine screening tests at hospital admission from 
May 2020, provided a complete denominator assur-
ing reliably ascertainment of incident cases and robust 
estimates of COVID-19 severe disease among positive 
pregnant women. Stratifying the cohort by COVID-19 
disease severity, instead of presence/absence of SARS-
CoV-2 symptoms, represents a further strength of 
the study, allowing a better portray of women’s clini-
cal conditions. The accuracy of the collected data has 
been monitored and assured by the durable network of 
trained clinicians in each participating maternity unit 
and by the weekly email reminders and phone contacts, 
in order to solicit case notification and recovery of es-
sential missing information.

The study limitations include the absence of a control 
group of pregnant women without SARS-CoV-2 infec-
tion and the small number of women diagnosed dur-
ing the first two trimesters of pregnancy (14.2%), which 
requires further analysis to investigate possible effects 
of early infection. The lack of information on the preg-
nancy status of women notified to the national SARS-
CoV-2 surveillance did not allow a crosscheck of the 
cases detected through the ItOSS study. In addition, in 
Italy universal testing for hospitalized pregnant women 
was implemented from May 2020, we might therefore 
have missed cases occurred during the first two months 
of the study. Failure to identify these cases leads to a 
possible underestimation of the phenomenon among 
pregnant women, and to a greater extent among the 
background population of women of reproductive age 
for whom the screening offer was partial and delayed.

Moreover, due to the restrained circulation of the 
virus in centre and southern Italy during the first pan-
demic wave, we cannot generalize the findings of this 
paper to the whole country.

Comparison with other studies
Similarly to the UKOSS cohort [22], women with 

ongoing pregnancy compared to those who gave birth 
were hospitalized more often due to COVID-19 dis-
ease. As reported by previous studies [10, 13, 17, 22-
24], women with previous comorbidities, obese, and 
foreigners from HMPCs showed a significantly higher 
occurrence of more severe forms of COVID-19 disease. 
A pattern of disadvantaged social conditions affecting 
ethnic minorities [25, 26] may be linked to worse clini-
cal conditions observed in migrant women. 

Table 2
Mutually adjusted odds ratios of moderate and severe disease 
for the selected variables

Variable OR (95% CI)

Moderate vs mild Severe vs mild

Age

<34 1.00 1.00

≥35 1.20 (0.72-1.99) 1.26 (0.49-3.26)

Citizenship

Italian + no HMPCs 1.00 1.00

HMPCs 1.47 (0.82-2.62) 3.43 (1.27-9.25)

Level of educationa

Low 1.00 1.00

Medium-high 1.65 (0.89-3.06) 1.41 (0.50-3.99)

Previous comorbidities

No 1.00 1.00

Yes 1.87 (1.03-3.41) 2.55 (0.98-6.90)

Obesity  

No 1.00 1.00

Yes 1.15 (0.55-2.39) 4.76 (1.79-12.66)

Mild disease: absence of COVID-19 pneumonia.
Moderate disease: confirmed COVID-19 pneumonia requiring at most oxygen 
therapy.
Severe disease: confirmed COVID-19 pneumonia requiring mechanical 
ventilatory support and/or ICU admission.
HMPCs: high migration pressure countries.
aLow: primary school or lower; medium-high: high school or higher.



Serena Donati, Edoardo Corsi, Alice Maraschini et al.

O
r

ig
in

a
l
 a

r
t

ic
l

e
s
 a

n
d

 r
e

v
ie

w
s

278

Table 3
Women’s and perinatal outcomes

Women’s outcome Milda (n = 395) Moderateb (n = 123) Severec (n = 30) Total (N = 548)

n % n % n % N %

Respiratory support

Oxygen therapy 8 2.0 51 41.5 30 100.0 89 16.2

Non-invasive ventilatory support 0 0.0 0 0.0 29 96.7 29 5.3

Orotracheal intubation 0 0.0 0 0.0 6 20.0 6 1.1

ECMO 0 0.0 0 0.0 2 6.7 2 0.4

ICU admission 0 0.0 0 0.0 18 60.0 18 3.3

Severe maternal morbidity* 5 1.3 7 5.7 11 36.7 23 4.2

Maternal death 0 0.0 0 0.0 0 0.0 0 0.0

Perinatal outcome (n = 343) (n = 69) (n = 20) (n = 432)

Stillbirth 3 0.9 1 1.4 0 0.0 4 0.9

Livebirth 340 99.1 68 98.6 20 100.0 428 99.1

Severe neonatal morbidity** 3 0.9 5 7.4 2 10.0 10 2.3

NICU admission 41 12.1 12 17.6 10 50.0 63 14.7

Neonatal death 0 0.0 0 0.0 0 0.0 0 0.0

Birthweight <2500 grams (3 missing) 38 11.3 10 14.7 10 50.0 58 13.6

5-min Apgar score         

<7 1 0.3 0 0.0 1 5.0 2 0.5

≥7 311 91.5 63 92.6 15 75.0 389 90.9

Missing 28 8.2 5 7.4 4 20.0 37 8.6

Neonatal positive SARS-CoV-2 test:         

<24 hours from delivery 7 2.1 3 4.4 0 0.0 10 2.3

≥24 hours from delivery 4 1.2 1 1.5 2 10.0 7 1.6

aAbsence of COVID-19 pneumonia.
bConfirmed COVID-19 pneumonia requiring at most oxygen therapy.
c Confirmed COVID-19 pneumonia requiring mechanical ventilatory support and/or ICU admission.
*Shock, acute respiratory stress syndrome, kidney failure, other.
**Acute respiratory distress syndrome, interstitial pneumonia, intraventricular haemorrhage, necrotizing enterocolitis, neonatal encephalopathy, sepsis, other.
ECMO - extracorporeal membrane oxygenation; ICU - intensive care unit; NICU - neonatal intensive care unit.

Table 4
Mode of delivery and gestational age at birth by COVID-19 disease severity

Outcome Milda

(n = 338)
Moderateb

(n = 67)
Severec

(n = 19)
Total

(N = 424)

n % n % n % N %

Mode of delivery (2 missing)

Vaginal 237 70.1 41 62.1 2 11.1 280 66.4

Elective CS 55 16.3 10 15.2 0 0.0 65 15.4

Urgent/emergency CS due to maternal/foetal indication 43 12.7 10 15.2 6 33.3 59 14.0

Urgent/emergency CS due to COVID-19 3 0.9 5 7.6 10 55.6 18 4.3

Gestational age at birth*, weeks (16 missing)         

≤31 4 1.2 3 4.5 5 26.3 12 2.9

32-36 26 7.9 11 16.4 7 36.8 44 10.8

≥37 299 90.9 46 68.7 7 36.8 352 86.3

Missing 9 - 7 10.4 0 - 16 -

aAbsence of COVID-19 pneumonia.
bConfirmed COVID-19 pneumonia requiring at most oxygen therapy..
cConfirmed COVID-19 pneumonia requiring mechanical ventilatory support and/or ICU admission.
CS: caesarean section.
*Missing data were not ignored among the Moderate group because higher than 5%.
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Although Italy holds one of the highest CS rates in 
the world [27], during the pandemic it was close to the 
2019 national rate [19] (33.6% vs 31.8%), and signifi-
cantly lower compared to the figure reported in two sys-
tematic reviews [10, 28] and by other European coun-
tries [13, 17, 22] that usually record lower rates than 
Italy. The prompt and wide dissemination among Ital-
ian obstetricians of the evidence of lack of indication to 
CS in case of SARS-CoV-2 infection [29, 30] probably 
helped in limiting it to women in critical conditions, 
which in fact underwent urgent/emergency CS due to 
COVID-19 in 55.6% of the cases. 

Preterm delivery has been an issue of concern during 
the pandemic. To date, most studies confirm a higher 
risk of preterm birth among SARS-CoV-2 positive 
women, especially in case of severe disease [10, 22, 24]. 
We detected a two-fold rate (13.7%) compared to the 
2019 national figure (6.7%), with significant differences 
between women affected by severe COVID-19 disease 
(63.2%) and those with mild disease (9.1%). Moreover, 
the estimated preterm birth rate could be underesti-
mated due to the missed identification of SARS-CoV-2 
positive women not hospitalized before the due date, 
responsible for a possible deflated denominator. Ex-
cluding the proportion of cases with iatrogenic indica-
tions (22.6% of preterm births), spontaneous preterm 
birth rate was equal to 10.6%, mostly due to late pre-
term births. Although newborns were more likely to be 
admitted to NICU, no increase in stillbirths and neona-
tal deaths compared to previous national data was ob-
served, in accordance with the UKOSS data. Given the 
possibility of a deflated denominator due to the missed 
identification of SARS-CoV-2 positive women during 
the first two months of the study, also the reported es-
timate of low birthweight should be interpreted with 
caution.

As for maternal outcomes, 153 women (27.9%) was 
affected by COVID-19 pneumonia but only 23 (4.2%) 
developed severe morbidity. The prevalence of pneumo-
nia (27.9%; 95% CI 24.3-31.8) was lower compared to 
that reported by Northern Europe (57.1%) [17], in line 
with the Spanish data (30.8%) [31], and higher com-
pared to Allotey’s systematic review (17.5%) [10] and 
UKOSS data (15%) [22].

Consistently with other studies [17, 22], poor neo-
natal outcomes were rare, no neonatal deaths occurred 
and four stillbirths (0.9%) were notified. During the 
first pandemic wave, 17 neonates (4.0%; 95% CI 2.5-
6.3) had a SARS-CoV-2 positive test at birth. Data 
from UKOSS and US showed similar percentages, re-
spectively 2% [22] and 2.5% [32]. Our findings cannot 
confirm or deny the hypothesis of a transplacental virus 
transmission [33], but reassure on the good outcomes 
of these positive babies [34].

 
CONCLUSIONS

The Italian ob-gyn health professionals have shown to 
be able to manage the emergency context, despite ini-
tial fear and uncertainty. Differently from international 
retrospective non population-based studies [2,4-6], and 
similarly to the prospective population-based results of 
the European INOSS cohorts [13,17,22], in Italy the 

SARS-CoV-2 incidence rate among women was compa-
rable to the one detected among the background popu-
lation of women of reproductive age [21], and the vast 
majority of pregnant women and newborns had mild 
disease and good outcomes. Except for the higher risk 
of preterm birth, that concerned mainly women with se-
vere COVID-19 disease, the results of this study should 
reassure women, health professionals and decision 
makers about the impact of the SARS-CoV-2 infection 
in pregnancy during the first pandemic wave.
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APPENDIX 1. ItOSS NATIONAL NETWORK 
OF MATERNITY UNITS

Piedmont Region 
Elena Amoruso Ospedale Sant’Andrea Vercelli; Alberto 

Arnulfo, Enrico Finale Stabilimento Ospedaliero Castelli 
Verbania; Rossella Attini, Marisa Biasio, Luca Marozio, 
Clara Monzeglio OIRM Sant’Anna - AOU Città della 
Salute e della Scienza di Torino; Maria Bertolino, Andrea 
Guala Ospedale San Biagio Domodossola; Silvia Bonas-
sisa, Alberto De Pedrini Ospedale Maggiore della Carità 
Novara; Mario Canesi, Sara Cantoira Ospedale Maria 
Vittoria Torino; Paola Capelli Istituto SS. Trinità Borgoma-
nero; Ilaria Careri, Ospedale Martini Torino; Luigi Carrat-
ta Ospedale S. Spirito Casale Monferrato; Ilaria Costag-
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gini Ospedale degli Infermi Rivoli; Tania Cunzolo Presidio 
Osp. Cardinal G. MASSAIA Asti; Enza De Fabiani, An-
drea Villasco Azienda Ospedaliera Ordine Mauriziano To-
rino; Cinzia Diano Ospedale Maggiore Chieri; Fiorenza 
Droghini, Paola Rota Ospedale Santa Croce Moncalieri; 
Daniela Kozel, Vittorio Aguggia Ospedale Civile SS. An-
tonio e Biagio Alessandria;  Francesca Maraucci Ospe-
dale degli infermi Biella; Gisella Martinotti Ospedale SS. 
Pietro e Paolo Borgosesia; Maria Milano, Antonia No-
velli Ospedale Civile Mondovì; Giovanna Oggè Ospedale 
maggiore SS. Annunziata Savigliano; Simona Pelissetto 
Ospedale Civile di Ivrea; Pasqualina Russo Presidio Osp. 
riunito Ciriè; Manuela Scatà Ospedale Michele e Pietro 
Ferrero di Verduno; Federico Tuo, Valentina Casagran-
de Ospedale San Giacomo Novi Ligure/Tortona; Concetta 
Vardè Ospedale Agnelli Pinerolo; Elena Vasario Azienda 
Ospedaliera S. Croce e Carle Cuneo; Daniela Ventrella 
Ospedale Civico Chivasso

Valle D’Aosta Region
Livio Leo Ospedale Umberto Parini Aosta

Liguria Region
Silvia Andrietti ASL1 Imperiese; Federica Baldi Ospe-

dale San Paolo Savona; Angelo Cagnacci, Federica La-
raud IRCCS AOU San Martino; Franco Camandona, 
Domenico Grimaldi Ospedale Galliera di Genova; Maria 
Franca Corona, Massimiliano Leoni Ospedale Civile 
Sant’Andrea La Spezia; Paolo Massirio, Luca Ramenghi 
IRCCS Giannina Gaslini

Lombardy Region
Debora Balestrieri Ospedale di Cittiglio; Federica 

Baltaro Ospedale Niguarda di Milano; Pietro Barbaci-
ni, Elisabetta Venegoni Ospedale di Magenta; Michele 
Barbato Ospedale di Melegnano; Lorena Barbetti Ospe-
dale di Esine;  Paolo Beretta Ospedale di Como; Bruno 
Bersellini Ospedale di Sondrio; Stefano Bianchi Ospe-
dale San Giuseppe di Milano; Antonia Botrugno Ospe-
dale di Casalmaggiore; Donatella Bresciani Ospedale 
di Desenzano; Alessandro Bulfoni Pio X Humanitas di 
Milano; Carlo Bulgheroni Ospedale di Gallarate; Orlan-
do Caruso, Elena Pinton Ospedale di Chiari; Massimo 
Ciammella Ospedale di Seriate; Elena Crestani, Giulia 
Pellizzari Ospedale di Pieve di Coriano; Antonella Cromi 
Ospedale di Varese; Serena Dalzero, Nikita Alfieri Ospe-
dale San Paolo di Milano;  Rosa Di Lauro, Carla Foppoli 
Ospedale di Sondalo; Patrizia D’Oria, Ospedale di Alza-
no; Santina Ermito Ospedale di Piario; Massimo Ferdico 
Ospedale di Vimercate; Maria Fogliani, Guido Stevanazzi 
Ospedale di Legnano - Cuggiono; Roberto Fogliani Ospe-
dale di Sesto San Giovanni; Ambrogio Frigerio Ospedale 
di Rho; Eleonora Fumagalli Ospedale Macedonio Melloni 
ASST FBF - Sacco di Milano; Roberto Garbelli Brescia 
Istituto Clinico S. Anna; Daniela Gatti Ospedale di Ma-
nerbio; Giampaolo Grisolia, Serena Varalta Ospedale di 
Mantova; Paolo Guarnerio Ospedale San Carlo di Mi-
lano; Enrico Iurlaro, Marta Tondo IRCCS Cà Granda 
Ospedale Maggiore Policlinico - Mangiagalli Milano; 
Stefano Landi Ospedale di Gravedona; Mario Leonar-
di Ospedale di Iseo; Stefania Livio, Chiara Tasca Ospe-
dale Buzzi ASST FBF-Sacco di Milano; Anna Locatelli 

Ospedale di Carate; Giuseppe Losa Ospedale di Melzo; 
Massimo Lovotti Como Valduce; Anna Minelli Ospedale 
di Gavardo; Luisa Muggiasca Ospedale di Garbagnate; 
Giuseppe Nucera Ospedale di Busto Arsizio; Alessandra 
Ornati Ospedale di Vigevano; Luisa Patanè ASST Papa 
Giovanni XXIII Bergamo; Antonio Pellegrino Ospedale 
di Lecco; Francesca Perotti, Arsenio Spinillo Fonda-
zione IRCCS Policlinico San Matteo di Pavia; Arman-
do Pintucci Ospedale di Desio; Ezio Pozzi Ospedale di 
Broni Stradella - Ospedale di Voghera, Federico Prefumo 
Spedali Civili di Brescia; Anna Catalano Brescia Fonda-
zione Poliambulanza; Aldo Riccardi Ospedale di Cremo-
na; Alessia Chiesa Ospedale di Ponte San Pietro; Tazio 
Sacconi Ospedale di Asola; Valeria Savasi, Silvia Corti 
Ospedale Sacco di Milano; Ubaldo Seghezzi Ospedale di 
Saronno; Vincenzo Siliprandi Ospedale di Crema; Marco 
Soligo, Beatrice Negri Ospedale di Lodi; Paolo Valsec-
chi Ospedale San Raffaele; Laura Vassena Ospedale di 
Merate; Federica Brunetti, Patrizia Vergani Fondazione 
MBBM Ospedale San Gerardo Monza; Antonella Villa 
Ospedale di Treviglio; Matteo Zanfrà Ospedale di Tradate; 
Alberto Zanini Ospedale di Erba

Autonomous province of Bozen
Martin Steinkasser, Micaela Veneziano Ospedale 

Centrale di Bolzano

Autonomous province of Trento
Pietro Dal Rì, Fabrizio Taddei UO Rovereto; Roberto 

Luzietti UO Cles; Saverio Tateo UO Trento; Fabrizia Te-
naglia UO Cavalese

Veneto Region
Giuseppe Angeloni Ospedale di Piove di Sacco; Anto-

nio Azzena Ospedale di Vittorio Veneto; Gianluca Babbo 
Ospedale di Portogruaro; Roberto Baccichet, Cristina 
Napolitano Ospedale di Oderzo; Valentino Bergami-
ni Ospedale Borgo Trento; Luca Bergamini Ospedale di 
Chioggia; Enrico Busato, Monica Zannol Ospedale di 
Treviso; Pietro Catapano, Marco Gentile Ospedale Ma-
ter Salutis - Legnago; Marcello Ceccaroni Ospedale Sacro 
Cuore don Calabria Negrar; Gianluca Cerri Ospedale 
SS. Giovanni e Paolo - Venezia; Andrea Cocco Ospedale 
di Asiago; Carlo Dorizzi Ospedale di Schiavonia; Laura 
Favretti Ospedale S. Maria del Prato - Feltre; Riccardo 
Federle, Antonino Lo Re Ospedale P. Pederzoli - Casa di 
cura Privata Spa; Massimo Franchi, Marina Sangalet-
ti Azienda Ospedaliera di Verona; Franco Garbin Ospe-
dale di Dolo; Maria Teresa Gervasi, Daniela Truscia 
Azienda Ospedaliera di Padova; Dimosthenis Kaloudis 
Ospedale di San Bonifacio; Domenico Lagamba Ospe-
dale di Castelfranco Veneto; Giovanni Martini Ospedale 
di Valdagno; Carlo Maurizio Ospedale di Mirano; Yoram 
J. Meir Ospedale di Bassano del Grappa; Alessia Poz-
zato Ospedale di Adria - Ospedale di Rovigo; Marcello 
Rigano Ospedale di Camposampiero; Cesare Romagno-
lo Ospedale all’Angelo di Mestre; Roberto Rulli Ospedale 
di Cittadella; Giuseppe Sacco Ospedale di San Donà di 
Piave; Maria Grazia Salmeri Ospedale di Montebelluna; 
Marcello Scollo Ospedale di Santorso; Francesco Sinatra 
Ospedale di Conegliano; Gianluca Straface Casa di cura 
Abano; Fabio Gianpaolo Tandurella Ospedale di Pieve 
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di Cadore e Ospedale San Martino - Belluno; Marco Tor-
razzina Ospedale di Bussolengo - Ospedale di Villafranca; 
Paolo Lucio Tumaini Ospedale di Arzignano; Giuliano 
Zanni Ospedale di Vicenza

Friuli-Venezia Giulia Region
Emanuele Ancona Ospedale S. Giorgio di Pordenone; 

Michela De Agostini Ospedale di Palmanova; Gianpaolo 
Maso, Alice Sorz IRCSS Burlo Garofolo Trieste; Edlira 
Muharremi S. M. degli Angeli Ospedale di Pordenone; 
Alessandra Nicoletti Ospedale S. Daniele di Tolmezzo; 
Roberta Pinzano Ospedale S.Maria dei Battuti - San Vito 
al Tagliamento; Alessia Sala Ospedale Santa Maria della 
Misericordia - Udine; Lucia Zanazzo, Ospedale di Mon-
falcone

Emilia-Romagna Region
Lorenzo Aguzzoli, Alice Ferretti Ospedale S.M. Nuo-

va Reggio Emilia; Patrizio Antonazzo, Lucrezia Pignatti 
Ospedale Bufalini Cesena; Angela Bandini, Isabella Stra-
da Ospedale G.B. Morgagni - L. Pierantoni Forlì; Chia-
ra Belosi Ospedale degli Infermi Faenza; Renza Bonini, 
Maria Cristina Ottoboni Ospedale Guglielmo Da Sali-
ceto Piacenza; Fabrizio Corazza, Paola Pennacchioni 
Ospedale Ss. Annunziata Cento; Fabio Facchinetti, Gi-
liana Ternelli Azienda Ospedaliero-Universitaria Modena; 
Alessandro Ferrari, Cristina Pizzi, Ospedale S.M. Bian-
ca Mirandola; Tiziana Frusca, Stefania Fieni Azienda 
Ospedaliero-Universitaria Parma; Maria Cristina Galas-
si, Federica Richieri, Nuovo Ospedale Civile Di Sassuolo 
S.P.A.; Francesco Giambelli, Carlotta Matteucci Ospe-
dale S.M. Delle Croci Ravenna; Pantaleo Greco, Danila 
Morano Azienda Ospedaliero-Universitaria Ferrara; Ma-
rinella Lenzi, Ilaria Cataneo, Ospedale Maggiore Bolo-
gna; Gialuigi Pilu, Marisa Bisulli, Azienda Ospedaliero-
Universitaria Bologna; Maria Cristina Selleri Ospedale di 
Bentivoglio; Federico Spelzini, Elena De Ambrosi, Ospe-
dale Infermi Rimini; Paolo Venturini, Francesca Tassinati 
Ospedale B. Ramazzini Carpi; Stefano Zucchini, Barba-
ra Paccaloni, Ospedale S.M. della Scaletta Imola

Tuscany Region
Andrea Antonelli, Carlotta Boni Ospedale Civile Ce-

cina; Maria Paola Belluomini, S. Francesco Barga - PO 
Valle del Serchio e Generale Provinciale Lucca - PO San 
Luca, Rosalia Bonura, S. Maria della Gruccia - Ospe-
dale del Valdarno, Stefano Braccini, SS. Cosimo e Da-
miano Pescia - Osp della Valdinievole, Giacomo Bruscoli 
e Pasquale Mario Florio, Nuovo Ospedale San Jacopo 
di Pistoia, Giovanna Casilla, SS. Giacomo e Cristofo-
ro Massa - PO Zona Apuana, Anna Franca Cavaliere, 
Ospedale Santo Stefano Prato, Marco Cencini, Ospeda-
li Riuniti della Val di Chiana, Venere Coppola e Laura 
Migliavacca, Ospedale Misericordia Grosseto, Barbara 
De Santi, PO Felice Lotti Pontedera, Paola Del Carlo, 
Ospedale S.Giovanni Di Dio Torregalli, Carlo Dettori, 
Nuovo Ospedale di Borgo S.Lorenzo, Mariarosaria Di 
Tommaso e Serena Simeone, Careggi - CTO Firenze 
- AOU, Giuseppe Eremita, Civile Elbano Portoferraio, 
Sara Failli, Ospedale Area Aretina Nord Arezzo, Paolo 
Gacci, S.M. Annunziata Bagno a Ripoli - Osp Fiorentino 
Sud Est, Alessandra Meucci, Le Scotte Siena - Azienda 

ospedaliera universitaria, Filippo Ninni, Riuniti Livorno, 
Barbara Quirici, Ospedale Unico Versilia, Alessia Sacchi, 
Ospedale dell’Alta Val d’Elsa Poggibonsi, Cristina Salve-
stroni, Ospedale S. Giuseppe Empoli, Sara Zullino, Ospe-
dali Pisani Pisa - Az universitaria

Umbria Region
Nazzareno Cruciani, Fabrizio Damiani Ospedale San 

Giovanni Battista Foligno; Leonardo Borrello Azienda 
Ospedaliera Santa Maria di Terni; Gian Carlo Di Renzo, 
Giorgio Epicoco Azienda Ospedaliera Santa Maria della 
Misericordia di Perugia; Ugo Indraccolo, Donatello Tor-
rioli, Ospedale di Città di Castello

Marche Region
Andrea Ciavattini, Sara D’Eusanio AOU - Ospeda-

li Riuniti di Ancona; Filiberto Di Prospero Ospedale di 
Civitanova Marche; Rebecca Micheletti, Claudio Cicoli 
Azienda Ospedaliera Ospedali Riuniti Marche Nord

Lazio Region
Francesco Antonino Battaglia, Immacolata Marcuc-

ci PO Santa Maria Goretti Latina; Leonardo Boccuzzi, 
Patrizia Ruocco Ospedale De Santis di Genzano; Marco 
Bonito Ospedale San Pietro Fatebenefratelli Roma; Maria 
Clara D’Alessio San Filippo Neri Roma; Carlo De Ange-
lis Casa di Cura Fabia Mater Roma; Donatella Dell’Anna 
Ospedale S. Eugenio; Daniele Di Mascio, Paola Pecilli 
Umberto I - Policlinico di Roma; Sascia Moresi, Sergio 
Ferrazzani, Silvia Salvi Policlinico Universitario Fonda-
zione Agostino Gemelli - Roma; Gregorio Marco Galati 
Ospedale Madre Giuseppina Vannini Istituto delle Figlie di 
S. Camillo Roma; Maria Grazia Frigo Fatebenefratelli San 
Giovanni Calibita - Isola Tiberina; Paolo Gastaldi Ospe-
dale Santo Spirito Roma; Rita Gentile Presidio Ospedalie-
ro Giovan Battista Grassi Ostia; Giovanni Grossi Ospeda-
le Sandro Pertini Roma; Giorgio Nicolanti, Patrizio Raggi 
Ospedale Belcolle Viterbo; Flavia Pierucci Azienda Ospe-
daliera San Camillo Forlanini Roma; Giancarlo Paradisi, 
Maria Rita Pecci Ospedale Fabrizio Spaziani Frosinone; 
Giovanni Testa Casa di cura Città di Aprilia; Barbara 
Vasapollo Policlinico Casilino Roma; Barbara Villaccio 
Ospedale San Pietro Fatebenefratelli Roma

Abruzzo Region
Fabio Benucci Sant’Omero; Paola Caputo Sulmona; 

Sandra Di Fabio, Maurizio Guido L’Aquila; Antonio Di 
Francesco Lanciano; Francesca di Sebastiano, Diego 
Gazzolo, Marco Liberati Chieti; Anna Marcozzi Tera-
mo; Francesco Matrullo Vasto; Maurizio Rosati, Ga-
briella Scorpio Pescara; Giuseppe Ruggeri Avezzano; 
Alessandro Santarelli Ospedale di Sant’Omero

Molise Region
Daniela Simeone Ospedale di Campobasso

Campania Region
Annalisa Agangi Ospedale Evangelico Villa Betania; 

Salvatore Ercolano P.O. “S. Leonardo” di Castellammare 
di Stabia, Luigi Cobellis, Annunziata Mastrogiacomo 
Ospedale di Caserta; Maria Vittoria Locci AOU Federico 
II Napoli
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Puglia Region
Luca Loiudice Bari - Presidio Mater Dei; Antonio Bel-

piede Barletta ‘Mons. Dimiccoli’; Mariano Cantatore L. 
Bonomo Andria; Ettore Cicinelli, Antonella Vimerca-
ti Bari - Policlinico Ginecologia; Aldo D’Aloia, Sabina 
Di Biase, Antonio Lacerenza AOU “OO RR Foggia”; 
Alessandro Dalfiero Cerignola; Gerardo D’Ambrogio 
Galatina “Santa Caterina Novella”; Nicola Del Gaudio 
Castellaneta; Paolo Demarzo San Severo Teresa Masselli 
Mascia; Giovanni Di Vagno Bari - San Paolo; Giusep-
pe Laurelli Casa Sollievo Dalla Sofferenza - S. Giovanni 
Rotondo; Roberto Lupo Gallipoli; Nicola Macario Al-
tamura; Antonio Malvasi, Bari - Casa Di Cura Santa 
Maria; Guido Maurizio, Elisabetta Monteduro, Acqua-
viva “Miulli”; Andrea Morciano Cardinale G. Panico Di 
Tricase; Lucio Nichilo Umberto I Corato; Anna Maria 
Nimis Francavilla Fontana; Antonio Perrone Lecce Vito 
Fazzi; Elena Rosa Potì Brindisi “Perrino”; Sabino Santa-
mato Monopoli Putignano; Emilio Stola Taranto; Anto-
nio Tau Scorrano; Mario Vicino Bari - Di Venere; Martino 
Vinci Martina Franca

Basilicata Region
Giampiero Adornato Policoro; Francesco Bernasconi 

Melfi; Alfonso Chiacchio Lagonegro; Sergio Schettini, 
Rocco Paradiso Azienda Ospedaliera Regionale San Car-
lo - Potenza; Giuseppe Trojano Matera

Calabria Region
Carmelina Ermio Ospedale Jazzolino - Vibo Valentia; 

Michele Morelli, Rossella Marzullo Ospedale Annun-
ziata - AO Cosenza; Stefano Palomba Ospedali Riuniti 
di Reggio Calabria; Morena Rocca Azienda Ospedaliera 
“Pugliese Ciaccio” di Catanzaro

Sicily Region 
Vincenzo Aidala, Castiglione Prestianni - Bronte; Lui-

gi Alio, Giuseppina Orlando ARNAS Civico di Cristina 
Benfratelli - Palermo; Maria Grazia Arena, Santo Recu-
pero S. Marco (ex V. Emanuele S. Bambino) - Catania e 
Osp. Generale - Lentini; Salvatore Bevilacqua, Fabrizio 
Quartararo Casa di cura Candela SPA - Palermo; Rocco 
Billone Civico Partinico e Dei Bianchi - Corleone; Giu-
seppe Bonanno, Maria Paternò Arezzo - Ragusa; Anto-
nio Bucolo, Umberto I - Siracusa; Claudio Campione, 
Casa di cura prof. Falcidia - Catania; Giuseppe Can-
zone, S. Cimino - Termini Imerese; Angelo Caradonna, 
V. Emanuele II - Castelvetrano; Sebastiano Caudullo e 
Cosimo Raffone, AO Papardo - Messina; Giovanni 
Cavallo, PO Maggiore - Modica; Antonio Cianci, Mi-
chele Fichera V. Emanuele Rodolico - Catania; Salvato-
re Corsello, Sergio Di Salvo Casa di cura Villa Serena 
- Palermo; Gaspare Cucinella, Maria Elena Mugavero 
Villa Sofia - Cervello-Palermo; Rosario D’Anna, AOU G. 
Martino - Taormina, Maria Rosa D’anna, Buccheri La 
Ferla - Palermo; Maria Di Costa, Basilotta - Catania; 
Giuseppe Ettore, ARNAS Garibaldi Nesima - Catania; 
Giovanni Falzone, Marta Fauzia Umberto I - Nicosia; 
Roberto Fazio, G. Fogliani - Milazzo e Lipari; Matteo 
Giardina Ospedale Paolo Borsellino di Marsala; Michele 
Gulizzi e Francesco La Mantia, G. F. Ingrassia - Pa-
lermo; Laura Giambanco, S. Antonio Abate - Erice e B. 

Nagar-Pantelleria; Salvatore Incandela, S. Giovanni di 
Dio - Agrigento e Giovanni Paolo II - Sciacca; Lilli Maria 
Klein S. Vincenzo - Enna e Barone Romeo - Patti; Miche-
le La Greca, Venera Mille, M. SS. Addolorata - Bian-
cavilla; Luigi Li Calsi S. Giacomo d’Altopasso - Licata; 
Emilio Lo Meo, Paolo Scrollo Cannizzaro - Catania; 
Vincenzo Miceli, S. Raffaele Giglio - Cefalù; Maria Pia 
Militello, S. Marta e S. Venera - Acireale; Alfio Mirenna, 
Istituto clinico Vidimura (ex Casa di cura Gretter e Lucina) 
- Catania; Pietro Musso, Abele Ajello - Mazara del Vallo; 
Michele Palmieri, V. Emanuele-Gela; Concetta Remi-
gia Pettinato, Angelo Tarascio Gravina - Caltagirone 
- Caltagirone; Vincenzo Scattarreggia Barone Lombar-
do - Canicattì; Antonio Schifano R. Guzzardi - Vittoria; 
Calogero Selvaggio S. Elia - Caltanissetta; Luigi Triolo 
Casa di cure Triolo Zancla SPA-Palermo; Renato Venezia 
P. Giaccone - Palermo

Sardinia Region
Speranza Piredda Civile Alghero; Giangavino Peppi 

Giovanni Paolo II - Olbia; Giovanna Pittorra S. Fracesco 
- Nuoro; Gianfranco Depau Nostra Signora della Merce-
de - Lanusei; Gianfranco Puggioni S. Martino - Oristano; 
Loredana Pagliara Nostra Signora di Bonaria - San Ga-
vino; Giulietta Ibba CTO - Iglesias; Caterina Tronci, SS 
Trinità - Cagliari; Giampiero Capobianco, AOU Sassari; 
Alessandra Meloni Duilio Casula Monserrato AOU - Ca-
gliari; Francesca Palla S. Michele AO Brotzu - Cagliari

APPENDIX 2. MISSING DATA

Among the variables included in the model, the per-
centage of missing values was zero for disease severity 
and citizenship, 1.3% for woman’s age, 1.8% for pres-
ence/absence of previous comorbidities, 1.8% for pres-
ence/absence of obesity, 28.5% for woman’s educational 
level (Table 1). Overall, 29.4% of cases had missing data 
on at least one variable of interest. 

The percentage of missing values was negligible for all 
variables considered except for educational level. The 
choice of listwise deletion to handle missing data in the 
model was justified by the condition that missingness 
for educational level was not significantly associated to 
the outcome (COVID-19 disease severity). This condi-
tion ensures that listwise deletion does not introduce 
any bias in the coefficients estimates [1, 2] regardless 
of whether the missing data mechanism was at ran-
dom (MAR), as assumed in our case, or not at random 
(MNAR). 

Model interactions were tested through Likelihood 
Ratio Test to verify that no interaction terms were omit-
ted and no bias was introduced.

1. Little RJA, Rubin DB: Statistical analysis with miss-
ing data. Wiley series in Probability and Statistics. New 
York: Wiley; 2020.
2. White IR, Royston P, Wood AM. Multiple imputa-
tion using chained equations: Issues and guidance for 
practice.  Stat Med. 2011;30(4):377-99. doi:10.1002/
sim.4067
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